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Us of GABAa Inverse Agonists in Comhi n ation with Nirptine Receptor Partial 
Afloniste. Estrogen. Selective Estrogen Modulators or V rtamin E for th.^ Treatment of 

Cognitive Disorders 
This application claims priority from U.S. provisional application Serial No. 
60/272.566. filed March 1. 2001. which Is incorporated herein by reference In Its 
entirety. 

Backoround of the Invention 
The present invention relates to phannaceutlcal compositions for the 
prevention and/or treatment of diseases of cognitive dysfunction in a mammal 
comprising GABAa inverse agonists in combination with nicotine receptor partial 
agonists (NRPA). estrogen, selective estrogen receptor modulators (SERMS) or 
vitamin E and a phannaceutlcally acceptable carrier. The phamiaceutical 
compositions are useful in enhancing memory in patients suffering from diseases of 
cognitive dysfunction such as. but not limited to. Alzheimer's Disease (AD), mild 
cognitive impainnent, age-related cognitive decline, vascular dementia. Pari<irison's 
disease, Huntington's disease, memory Impainnent assodated with depression or 
anxiety, schizophrenia. Down's syndrome, stroke, traumatic brain injury (TBI). AIDS 
associated dementia and attention deficit disorder. 

Cognitive and/or degenerative brain disorders are characterized clinically by 
progressive k>ss of memory, cognition, reasoning, judgment and emotional stability 
ttiat gradually leads to profound mental deterioration and ultimately death. In an 
example of such disorders, AD is a common cause of progressive mental failure 
(dementia) in aged humans and is believed to represent the fourth most common 
medfcal cause of death in tiie United States. In particular. AD is associated witti 
25 degeneration of cholinergic neurons in ttie basal forebraln tiiat play a fundamental 
role in cognitive functions, including memory [Becker et aL Drug Development 
Research. 12. 163-195 (1988)]. Cognitive and/or degenerative brain disorders have 
been observed in varied races and ethnic groups woridwide and presents a major 
public health problem. These diseases are cunently estimated to affect about two to 
30 ttiree million individuals in the United States alone. These diseases are Incurable 
with presentiy used medications and will increase woridwide as the human lif span 
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increases. 
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Table 1 
Oocyte mncBonal Profile 



Kl 

R015-1788 
Rat cortex 



100 nM. 

preferably 

<30nM 



ECso/Effica<^ 



200 nM. 
preferably 
<150nW 
<-10%or>+lo% 



a2p3y2 



ECso/Efficacy ECgo/Efficacy 




ECso/Efficacy 

200 nM. 
preferably 
<150nW 
<-10% 



o^^an. subtype ^to. tbe^ 

16 f "^^P*^'^ '^'^^^ a« having cognitive enhanang pote^^^^^ 

EC« value of the compound at the aip2y2 and/or ^SB^9 c. J 
than 200 nM. preferably less than 1 50 nM an^^T t ^ 
cat , °° *^ efficacy measured is less than 

5% or preferably less than -10% and th^ ^ ~ 
«3RA/>. M. ^"'^''y measured at the a2p3y2 and 

ce333y2 subtype receptors is greater than 5% or nr«far^K. . 
on Tu . or preferably greater than 10% 
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full agonist (FeWman. R.S., Mey«. j.s. » Qi»n»r LP d • ■ , 

ccndJT'lC^ •» "-P- "8n«« n-ncicn ^ 3b<«e „»„«oned 
ccnd*ons. Refe^Ksd h««n ,» welMoeumentei flndlngs *at chdinemlc 

««1 («^). B«=«n«„e. at. Behaviour. Pha^cology. 10. (i^.^ 
TTie present ^Mntlon also relates to Ihe coinbltKrtoo use of <MM • 

"ve.se a9on« preflte (such as the one descrtbed Tat* 1, cT.^,! 
entice. ^ ^ J^^-^^ 

Steles to the cqnwnalkin use Of <3A^ 
» '^'^-'^-'"Sen^d/orseiecSveestrogen,^^^^^^ 

^ cognHion enHanc«nent Est^gen has .«en L^C^^e^ 

5 adn^n^on „, est^gea H«een c»n^ sj^ ^^^^ro^TZ!^ 

replaoen^ .he^py ,n ccgn^on de„.^.,3to 3.,,,3«cZ^n^^ 
«..«^.nc*.^.3,,.oun..c^,^^^ 

The present Invention also relates to the oombfnadon use of QABA. i™««- 

agon«ts and vHan*E, Which result m cognition enhaneen»nt xI^hZT 
ant^dantp.pe,t,esandassucH«lsexpec,edtod.p^„e:::;n^t^^ 

« » expected that combinations of GABA, lnve.se aoonfeh »*h T 
would be use,., in the treatn^m of d^^. T^^^^^TlT 
-nCdlng, but ^ ^ ^ .^Tr .X'.rT 
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age-related cognitiv decline, vascular dementia. Parkinson's diseas , Huntington's 
disease, memory Impaimnent associated with depresssion or anxiety, schizophrenia. 
Dovwn's syndrome, stroke, traumatk: brain Injury (TBI), AIDS associated dementia and 
atientkxi defteit disorder. 

Summan/ of the Invention 
This invention provides a combination of a GABAa inverse agonist and a 
nicotine receptor partial agonist, an estrogenic agent, a selective estrogen receptor 
modulator (SERM). or vitamin E for separate, sequential or simultaneous 
administration. 

This invention also provkJes a combinatfon of a nkx>tlne receptor partial 
agonist, an estrogenic agent, a selective estrogen receptor modulator (SERM). or 
vitamin E and an inverse agonist of the GABAa a5 receptor wherein the inverae 
agonist has a functtonal efficacy at the oS receptor subtype of less than 20%. and a 
functional efficacy at the oi. 02 and oa receptor subtypes of between -20 and +20%. 

This inventton also provkles a combination of a nkxjtine receptor partial 
agonist, an estrogenic agent, a selective estrogen receptor modulator (SERM). or 
vitamin E and a GABAa inverse agonist wherein the Inverse agonist has a functk)nal 
efficacy at the a1 and/or a5 receptor subtypes of less than -5%. preferably less than 
-10%. and the efficacy measured at the a2 and ot3 receptor subtypes is greater than 
20 5% or preferably greater than 10%. 

This InventkNi also provkles a combination of a nicotine receptor partial 
agonist, an estrogenk; agent, a selective estrogen receptor modulator (SERIM). or 
vitamin E and a GABAa Inverse agonist wherein the inverse agonist has functional 
potency (EC50 values) at the a1 and/or a5 receptor subtypes of 200 nM. preferably 
25 less than 150 ni\4. 

This Inventton also pnovkJes a combination of a nicotine receptor partial 
agonist, an estrogenic agent, a selective estrogen receptor modulator (SERi^), or 
vitamin E and an inverse agonist of ttie GABAa a5 receptor wherein ttie inverse 
agonist has a functional efficacy at ttie aS receptor subtype of less than -5%, 
30 preferably less than -10%. and ttie efficacy measured at ttie a1. o2 and a3 receptor 
subtypes is greater ttian 5% or preferably greater tiian 10%. 

This invention also provides a combination of a nicotine receptor partial 
agonist, an estrogenic agent, a selective estrogen receptor modulator (SERM). or 
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vitamin E and an Inverse agonist of the GABA. a5 receptor wherein the Inveis 
agonist has a functional potency (EC50 values) at the aS receptor subtype of 200 nM 
preferably less than 150 nM. 

This Invention also provides a combination of a nicotine receptor partial 
5 agonist, an estrogenic agent, a selective estrogen receptor modulator (SERM) or 
vrtamin E and a GABA* Inverse agonist wherein the .lnverse agonist at the a1 and/or 
a5 receptor subtypes have a binding W of 100 nM. preferably less than 30 nM 

Another aspect of this invention Is a method of enhancing cognition or the 
treatment of a disorder Involving cognitive dysfunction In a mammal comprising 
> administering to the mammal, an amount of (a) a GABA, inverse agonist or a 
phamiaceutically acceptable salt thereof; and (b) a nicotine receptor partial agonist, 
an estrogenic agent, a selective estrogen receptor modulator (SERM). or vitamin E or 
a pham«ceutically acceptable salt thereof wherein the active ingredients (a) and (b) 
are administered in amounts that render the combination of the two Ingredients 
effective In cognition or the enhancement of a disorder involving treatment of 
disorders cognitive dysfunction. 

A method of treating a disorder or condition selected from the group 
consisting of . Alzheimer's Disease (AD), mild cognitve impalmient. age-related 
cogn*ve dedlne. vascular dementia. Parkinson's disease. Huntington's disease 
memory impaimient associated with depressslon or anxiety, schizophrenia. Down's 
syndrome, stroke, traumatic brain Injury (TBI). AIDS associated dementia and 
attention deficit disorder comprises administering to a mammal (a) a GABA. im/erse 
agonist or a pham«ceutically acceptable salt thereof; and (b) a nfcotine receptor 
partial agonist, an estrogenfc agent, a selective estrogen receptor modulator (SERM) 
or vitamin E or a phamiaceutically acceptable salt therecrf; where in the active agents' 
(a) and (b) above are administered In amounts that render the combination of the two 
.ngredients effective in treating . Alzheimer's Disease (AD). miW cognitive Impalmient. 
age-related cognitive decline, vascular dementia. Part^inson's disease. Huntington's 
disease, memory Impaim^nt associated with depressslon or anxiety, schizophrenia 
Down s syndrome, stroke, traumatic brain injury (TBI). AIDS assodated dementia and' 
attention defidt disorder. 

This invention also provides a method for treating cognitive disorders In a 
mammal whidi comprises administering to a mammal in need of sudi treatment an 
effective amount of a composition comprising a GABA. Inverse agonist In 



combination with a nicotine receptor partial agonist, an estrogenic agent, a selective 
estrogen receptor modulator (SERM). or vitamin E wherein said GABAa Inverse 
agonist Is selected from a compound of Formula I t>elow: 

O Q 




whereln: 
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X is hydrogen, halogen. OR,, NFy^ Ci-Ce alkyi optionally substituted with 
up to three groups selected independently from halogen and hydroxy. or-NR^Ra- or 
X Is phenyl, naphthyl. 1-(5.6.7.8.tetrahydro)naphthyl or 4K1.2-dlhydro)indenyl 
pyndinyl. pyrimidyl. isoquinollnyl, 1.2.3.4-tetrahydrDlsoqulnollnyl. benzofuranyl 
benzothienyl. each of which is optionally substituted with up to three groups 
selected from halogen. C,-Ce alkyl. C^O, alkoxy. Q-C. alkylthfo. hydroxy, amino 
mono or di(C,-Ce) alkylamino, cyano. nitro. trifluoromethyl; or 

X represents a carbocyclic group ("the X carbocydlc group") containing from 3 
- 7 members, up to two of which are optionally hetero atoms selected from oxygen 
and nrtrogen. where the X carbocyclic group is optionally substituted with one or more 
groups selected from halogen. (C-Oalkoxy. mono- or di(C^)alkylamino. 
sulfonamide. aza(C3^,)cycloalkyl. (CVOcydoalkylttiio. (C,^)alkylthfo. phenylthlo. 
or a heterocyclic group; and 

Y is lower alkyl having 1 - 8 carbon atoms optionally substituted with up to 
two groups selected from halogen. (C-Ca)alkoxy. mono- or di(C.^)alkylamlno. 
sulfonamkle. aza(C3-C.)cycloalkyl. (CVC.)cycloalkylthio. (C.^)alkylthlo. phenytthio 
a heterocyclic group. ^R4. -NRgRe. SR7. or aryl; or 

Y is a carbocyclic group (the Y carbocyclic group") having from 3 to 7 
members, where up to ttiree of which are optionally hetero atoms selected from 
oxygen and nitrogen and where any member of tiie Y carbocyclic group Is optionally 
substituted with halogen. -OR4. -NRsRe. SR.. aryl or a heterocyclic group; and 

Ri is hydrogen, lower alkyl having l - 6 carbon atoms, or cycloalkyi having 3 
-7 carbon atoms, where each alkyl may be optionally substituted with -OR4 or - 
nRsRb: 



aryl or a^^ (C,-Ce)alkyl where T- ^ °' "^"^ °' «'M; 

groups setel^T^^^t, "'^ ^"''-^"ted with up to three 

aroups selected from halogen, hydroxy. C-Ce alkvl 

S Ce>alkylamiho; ^ ^ ^'"Ce alkoxy. or mono- or dl(C- 

R4 Is as defined for R,; 

Rs ar^ Re carry the same deflnftlor« as R, and R3. respecbVely 
Rr IS hydrogen, lower alkylhavinal Rr^^ . H««iveiy; 
- 7 atoms; and ® ® cvdoalkyl having 3 

Ra is lower alkyi havina 1 - r o^r*^. . 
15 sakf cognitive disonfer is selected - 

disaase, Hun«ngto„., ^s^^,^T^ "^'^ """"son', 

anxiety, schizoph^nia 3. Z!^ *«• *>~„ or 

-nj:rc:r^ r" ^ - - 

oo'^^J^J.S:^,,^^^ » inve,^ ^ ^ 

carboxamide; '^^'•^*®*ra"i«'ro-1.5-naphthyridine-3- 
naphthyridine-3-carboxamid ; «»-i.4-tetrahydro-1.5. 
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N.(3-Methoxyben2yl)^^moxy-4^xo-1.4-tetrBhydro-1.5^aphthy^^^^ 
carboxamide; 

N-(3.Ethoxy)propyl-6^thoxy-4^xo.1.4-tetrahydix>-1.5-naphth^^^^ 
carboxamide; 

N-2K2-Methyl)butyl^thoxy^xc>.1.4.tetrahydro-1.&^phth^^ 
cart)oxamide; 

N.5-Penlanol^thoxy^xc>-1.4-tetrahydro.1.Sflaphthyridine^ 

carboxamide; 

N-Ben2yl-6.methoxy-4K)xo.1.4-tetrahydro-1.5^aphthyridl^ 

N-(2-Fluoroben2yl>^thoxsH»K,xo.1.4.tetrahydra-1.5-na^^ 
carboxamide; 

N-(3-Fluorobenzyl)^methoxsMK)xo.1.44etrahydio-1.5-napW^ 
carboxamide; 

N.(4-Ruoroben2yl)^meth<»<y^xo.1Atetrahydro.1>naphth^^^ 
15 carboxamide; 

NK4/5-lmlda2olyl)methyl^moxsH»K,3(o.1.4.telrahyd«v1.^^^ 

3-carboxamide; 

N-(3-Thienyl)methyl^thoxy^xo-1.4-tetrahydro.1.5^aphth^^^ 
cartxjxamide; 

20 N-(2-Tetrahydropyranyl)methyr^thoxy-4-oxo-1.4-tetrahydro-1.5. 
naphthyridine-3-carboxamide; 

N.(2.Fluoroben2yl)^tho)(y^xo.1.4-tBtrahydro-1.5.naphthyridi^ 

carboxamide; 

N-(3.5-Fluoroben2yl)^thoxy^xo-1.4-tetrahydro-1.5^aphthyridfr^^^ 
25 carboxamide; 

N-(4-FluorDbenzyl>^thoxy-4K>xo-1.4.tetrahydro-1.5Hiaphthyridlne^ 

carboxamide; 

N-(4-l^thoxyben2yl)^-ethoxy^xo.1.4.tetrahydro-1.5^aphthyridln^ 
carboxamide; 
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NK4-Methylberizyl)^thoxy^xo-1Atetrahydro-1.5^aphthyridin^ 
carboxamide; 

N-(2-Thienyl)methyl-6-(2-methoxyethoxyH-oxo-1.4-tetrahydfo-1.5- 
naphthyridine-3-carboxamide; 

N-(2.Thieriyl)methyl-6-morpholino^xo-1.4.tetrahydrx>1,5.r)aphthyri^ 



> 
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3-cart)oxamicle; 
naphthyridine-3-cartx)xamlde: 

naphthyridine-3Karboxamide; «iranyaro-i,5- 
naphthyndine^rlxwamide hydrochloride: and 
naphthyndine-SKarboxamlde y :^ 

=~~-^^':=::: 

^irr^^ . an estrogenfc agent a select 

estrogen receptor modulator (SERM). or vitamin E wherein said (JpT 
agonist comDounrfte«.i«,-«^fc_ wnerein said GABAa inverse 

sonisi compound IS selected from a compound which Is 
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wherein 

A is C,-Cb alkylene; 

Rd and Re are Independently lower alkyi groups 
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Wherein 




AlsCi-Ce alkylene; 

Rd is lower alkyi; and 

Rr is a group of the fomiula: 




where E is oxygen or nitrogen; and 

M is C-C3 allcytene or nitrogen 

Q 




wherein 

A is Ci-Co all«ylene; 
Rd is lower allcyl; and 

R.' IS phenyl optionally mon<^, di- or tnsubsBtuted with halogen lower all»( 

R.' is a hetenraryl group, that is, one or more aromatic ring »rs«eii» of 5- s- «■ 
7-™n*e,e. rings cxH^ng at leas, one an. up to i^ hetero :.cC;L^-^ 
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'O^ M U II 




Wherein 

A is C-Ce alkylene; and 

Rd and R. are independently lower alkyi groups 

This invention also provides a method for treating cognitive diso«i«rc in 
m^a, Which composes ad.in.ten.g to a ™, in n^^l^'C:: J 
effective amount of a composition comprisina a para - 

estrogen receptor moduUtor f<ieoiLA\ . ^ ^ ciaeni. a selective 

v«,,/iur moauiauN- (SERM), or vitamin E wherein saM oaba • 
agonist is selertoH - ^ ^ wnerein said GAB^ inverse 

ayunisi IS selected from a compound which is 




wherein 

D is nitrogen or CH; 
ty is -NH;-N lower alkyI 
A is Ci-Ce alkylene; and 
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R.' Is phenyl optionally mono-, dl- or trisubstituted with halogen. lower alkyi 
lower alkoxy. or mono, or dl-C-Ca alkylamino. or mono- or dHC-oi 
alkylamino tower alkyi. 

mam J'l r""*'" "^"^ ' ~« <««>«*ers In a 

effedive amount of a composition cxHnprisIng a GABA. Inverse agonist In 
^^tK,n wHh a niootine reoe^U. pa^al agonist, an estrogenic agen, a selectKl 
estrogen receptor modulator (SERM). or vitamin E wherein said GABA. Inverse 
agonist is selected from a compound whtoh is 
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(CHzV 



Wherein 
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A is C-Co alkylene; and 
Rd is tower alkyi; 

A' represents oxygen or methylene; and 

r is an integer of from 1-3. 
^TW. ^^ventlon also p^vides a n«*o<, fo, »«3tt„g cognttlve <.iso„,«, in a 
n«™™. ^ connprtse. a*„<n,s«ng *, a .a.™, ,„ nee. o, soch t.a.„«n. an 
e«*^ -noun, of a oonposHion eompnsing a GABA. ,nve„e agorts. 

a mcosne ^cep.0, pan,a, agon>s, an es*,^nte agen, a se,ecj 
estrogen ™«ptor modulator (SERM). or vitamin E whe^ln said GABA. Inve,» 
agonisl IS sateetedftom a compound whichls mverse 

R» >^ >^ ^R.' 



wherein 




25 



A is C-Ce alkylene; 
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Rg Is lower alkylo}^ low r alkyl; and 

Iow.r °' ^^^^'^^^^^^ halogen. lower alkyl. 

tower alkoxy. or mor^o- or dl-C.-C alkylamino. or mor^c or d.C,-Ce alkylamlno loir 

mammal which comprises administering to a mammal In need of such treatment an 
effe^ amount of a composition comprising a GABA. Inverse agonist In 
^mb.natK,n with a nicotine receptor partial agonist, an estrogenic agent, a selective 
estrogen receptor modulator (SERM). or vitamin E wherein said GABA. Inverse 
10 agonist Is selected from a compound whteh Is 

9 Q 

A 
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wherein 

"""^ having 1^ cartx>n aton« or cycloalM having 3-7 carbon 
15 and 1^ IS lower alkyl. j m wuj» 

Thb lm«Hion abo provides a Uyr Seating cognitive disordem in a 

n»m«l Which coniprtses administering lo a mammai in need of such .reatment an 
effe^ amount of a composition «,nprtsing a C3ABA, inverse agonist in 
oombinaton a nicotine receptor partial agonist, an est,ogenic agent, a selective 
"ceptor modulator (SERM). „ vitam^ e whei^in said cognitve disooler is 
se^^ AB»im«-. (AD,, mlM cognith« impaim,ent, age«^ 

cogn*,. decide. va«:ul.r dementia. Pa,Kins«,'s disease. Hun«ngton's disease 
".emonr «,paim«nt associated with dep,esssio„ or anxiety, schizoph^nia. DownV 

2S and 

attention deficit disorder. 

Thb Invention ateo provides a method for treating cognitive disontera in a 
mammal wh«h o«hprlses administering to a mammai in need of such treatment an 
eflw™ amount of a composition c^npdsir^ a GABA. inve,^ agonist m 
combinatKH, with a mootlne receptor par^al agonist an estrogenic agent, a selective 
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estrogen receptor modulator (SERM). or vitamin E wherein said cognitive disord r is 
Alzheimer's disease. 

This invention also provides a method for treating cognitive disordeis in a 
mammal which comprises administering to a mammal in need of such treatment an 
effective amount of a composition comprising a GAB^, inverse agonist in 
combination with a nicotine receptor partial agonist, an estregenic agent, a selective 
estrogen receptor modulator (SERM). or vitamin E wherein said cognitive disorder is 
mild cognitive Impainnent 

This invention also provides a method for treating cognitive disorders in a 
mammal which comprises administering to a mammal in need of such treatment an 
effective amount of a composition comprising a GABAa inverse agonist in 
combination with a nicotine receptor partial agonist, an estrogenic agent, a selective 
estrogen receptor modulator (SERM). or vitamin E in which said nicotine receptor 
partial agonists are selected fifom: 

9*romo-1.2.3.4.5.6-hexahydro-1.5-methano.pyridoI1.2.al[1.SIdiazocin-8-one: 

9-chloro-1.2.3.4.5.6-hexahydro-1.5-methano-pyrido[1.2-al[1.5Jdia2ocin-aone: 

9-fluoro-1.2.3.4.5.6-hexahydro-1.5-methanoi)yrido[1.2-a][1.5Jdlazocin-*one: 
9^thyf.1 .2.3,4,5.6-hexahydro-1 .5-methano.pyrido[1 .2-a3[1 .SJdlazodn-aone; ' 

9-methyl-1.2.3A5.6-hexahydro-1.5-methano-pyrido[1.2-a][1.qdla2odn-8K)n^^ 

9-phenyH.2.3.4.5.6.hej<ahydro-1.5-methano-pyrido[1.2-a][1.5Jdia2ocin-8K)ne: 
9-vinyl-1 .2.3.4.5.6-hexahydro-1 .5-methano-pyrido[1 .2.aJ[1 .SJdiazodn-S-one; 

9-bromo-3-methyH.2.3.4.5.6-hexahydro-1.5-methano-pyrido[1.2- 
a][1 ,5]diazocin-8-one; 

3-ben2y|.9-bromo-1.2,3.4.5,6-hexahydro-1.5-methano-pyridoI1.2- 
25 a][1,5]diazocin-8-one: 

3-benzyl-9-chloro.1.2.3.4.5.6-hexahydro-1.5-methano-pyrido[1.2- 
a]I1 ,51dia2O0ln-8-one; 



15 



20 



30 



8-one; 



9-acetyl-1.2.3,4.5.6.hexahydro-1.5-methano-pyrido[1.2aH1.5ldiazocin-8-one; 
9-iodo-1.2.3.4.5.6-hexahydro-1.5-methanoijyrido[1.2a][1.5Idia20cin-8K>ne; ' 
9-cyano-1.2.3.4.5.6-hexahydro-1.5-methano-pyrido[1.2a][1.51dlazodn-8-one; 
9^thynyl-1.2,3.4.5.6-hexahydro-1.5-methano-pyridof1.2a][1.5Idiazocin-8-on^; 
9-(2-propenylH .2.3.4.5.6-hexahydro-1 .5-methano-pyrido[1 .2al[1 .SJdiazodn- ' 
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9-(2-propyl)- 1 ,2.3.4,5,6*hexahydro-1 ,5-methano-pyrido[1 ,2a][1 ,5]diazocin-8- 

one; 

9-carbomethoxy-1 ,2,3,4,5.6-hexahydro-1 .5-methano- 
pyrido[1 ,2a][1 ,5]dlazociiv8-one; 

9-carboxyaldehyde-1 ,2,3,4.5,6-hexahydro-1 .5-methano- 
pyrido[1 ,2a][1 ,5]diazocin-&-on6; 

9-(2,6-difluorophenyl>-1 .2,3.4,5.6-hexahydro-1 ,5-niethano- 
pyrido[1 ,2a][1 .5]diazodn-8-one; 

9-phenyl-1 ,2,3,4.5,6-hexahydro-1 ,5Hmethano-pyrido[1 ,2a][1 .5]diazoctn-8-one; 

9-(2-fluorophenyl>-1 ,2.3,4,5,6-hexahydro-1 ,5-methano 
pyrido[1 ,2a][1 .5]diazocin-8-one; 

9-(4-fluorophenyl)-1 ,2,3,4,5,6-hexahydro-1 ,5-methano- 
pyrido[1 ,2a][1 ,5]diazoctn-8-one; 

9-(3-fluorophenyl)-1 ,2,3.4,5,6-hexahydro-1 .5-methano- 
pyrido[1 ^2a][1 ,5]diazcx:in-8-one; 

9-(3,5-difluorophenyl)-1 ,2,3,4,5,6-hexahydro-1 ,5-methano- 
pyrido[1 ,2a][1 ,5]diazocin*8-one; 

9-(2,4-difluorophenyl)-1 ,2.3,4.5.6-hexahydro-1 ,5-methano- 
pyrido[1 ,2a][1 ,5]diazocin-8-one; 

9-(2,5-difluorophenyl)-1 ,2.3,4.5,6-hexahydro-1 ,&-methano- 
pyrido[1 .2a][1 ,5]diazocin-8-one; 

6-methyl-5-oxo-6. 1 3-diazatetracyclo[9.3. 1 .0^^°.0'*'®lpentadeca-2(1 0),3.8- 

triene; 

5k>xo-6,1 3-diazatetracyclo[9.3.1 .0^'^^0^*|pentadeca-2(1 0),3,8-triene; 
6-0X0-5,7, 1 3-triazatetracydo[9.3. 1 .O^^^.O"* ^]pentadeca-2(1 0),3,8-triene; 
4,5-difluoro-1 0-aza-tiicyclo[6.3.1 .0^^]dodeca-2(7),3,5-triene; 
5-fluoro-1 0-aza-tricyclo[6.3. 1 .0^*^]dodeca-2(7),3,5-triene-4-carbonitrile; 

4- ethynyl-5-fluoro-1 0-aza-trjcyclo[6.3. 1 .0^^1dodeca-2(7),3,5-triene; 

5- ethynyl-1 0-aza-tricyclo[6.3. 1 .0^^]dodeca-2(7),3,5-triene-4-carbonitrile; 

6- methyl-5-thia-5-dloxa-6,1 3-diazatetracyclo[9.3. 1 .O^^^.O^-^pentadeca- 
2(10),3,8-triene; 

i 0-aza-tricyclo[6.3- 1 .0^^1dodeca-2(7),3,5-triene; 
4-fluoro-1 0-a2a-tricyclo[6.3. 1 .0^^]dodeca-2(7),3,5-triene; 
4-methyH 0-aza-tricyclo[6.3.1 .0^^]dodeca-2(7),3,5-triene; 
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4-trifluoromethyl-10-aza-tricydo[6.3.1 .02-']dodeca-2(7).3,5-triene: 
4-nitro-1 0-a2atricyclo[6.3.1 .02-^]dodeca-2(7).3.5-triene: 

7-methyJ-5,7,13-triazatetracyclo[9.3.1.02-^<».0*»Ipentadeca-2(10),3.5,8- 
tetraene; 

5 6-methyi-5.7.1 3-triazatetFacyclo[9.3.1 .0^^*'.0*'^pentadeca-2(10).3,5,8- 

tetraene; 

67-dlmethyl-57J3-triazatetracyclo[9.3.1.()*^*()*-»Iperitadeca-2(10 
tetraene; 

6-methyl-7-phenyl-5.7J3-tria2atetracycloI9.3.1.()^".Opentadec^ 
10 2(10),3.5.8-tetraene; 

67<iimethyl-5.8J4-triazatetracyclo[10.3.1.0*^\0*«^hexadeca-2(11).3,5^ 
pentaene; 

5.8.14-triazatetracyclo[10.3.1.0=-".0*»Jhexadeca-2(11).3.5,7.9^)entaene: 

14-methyl-5.8,14-tria2atetracydo[10.3.1.0^".0*-^hexadeca-2(11).3.5.7.9. 
15 pentaene; 

5K>xa-7.1 3-dlazatetracydo[9.3.1 .0^'° 0^*|pentadeca-2(10).3,6.8-letraene; 

6- methyl-5-oxa-7J3-diazatetracydo[9.3.1.0^".0*»lpentadeca-2(10).3,6.8- 
tetraene: 

4-chloro-1 0-a2atricydo[6.3. 1 .0^']dodeca-2(7).3.5-triene; 
20 10-azatricydo[6.3.1.0^^]dodeca-2(7).3,5-trien-4-yl cyanide; 

I- (10-azatricydoI6.3.1.02']dodeca-2(7).3,5-trlen-4-yl).1-ethanone; 
10-azatricydo[6.3.1.0^']dodeca-2(7),3,5-trien-4-ol; 

7- methyl-5-oxa-6.13-diazatetracydo[9.3.1.0*^'».0**Ipentadeca-2.4(8).6,9- 
tetraene; 

IS 4.5-didiloro-10-azatricydo[6.3.1.02-7jdodeca-2(7),3.5-triene; 

I I- azatricydo[7.3.1 .0^'ltrideca-2(7).3.5-triene-5-carbonitrile; 
HI 1-azatricydoI7.3.1 .02'>deca-2(7).3.5-trien-5-ylM-ethanone; 
H1 1-azatricydo[7.3.1 .02-7]trideca-2(7).3.5-trien-5-yq-1-propanone; 
4-fluoro-11.a2atricydo[7.3.1.02-']trideca-2(7).3.5-triene-5-cart>onitrile; 

0 5-fluoro-11-azatricyclo[7.3.1.02•>•deca-2(7).3,5-triene^^-carbonitrite 

6-methyl-7-thia-5.14-dia2atetracydoI10.3.1.0*i°0^'8jhexadeca-2(10),3.5.8- 
tetraene; 

6-methyl-5.7.14-triazatetracydo[10.3.1.02-".0*.«]hexadeca-2(10).3.5,8- 
tetraene; 
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6.7-dlmethyl-5.7.14-triazatetracyclo[1 0.3.1 .0*^" 0**lhexadeca-2(1 0).3.5,8- 
tetraene; 

5.7.14-tria2atetracyclo[10.3.1.0*".0*»Ihexadeca-2(10).3.5.8-tetraene: 

5.6-dlmethyl-57.14-tria2atetracydo[10.3.1.0*".0*'^hexadeca-2(10).3.6.8- 
tetraene; 

5- methyl-5,7.14-triazatetracycto(10.3.1.02-".0*'^hexadeca-2(10),3,6.&- 
tetraene; 

6- (trifluoromethyl).7-thia-5J4-diazatetracyclo[10.3.1.0*".0*-^hexadeca- 
2(10),3.6.8-tetraene: 

53J5-tria2atetracydo[11.3.1.0^".0*-9lheptadeca-2(11).3.5,7.9-pentaen^^ 

7- methyl-5.8J5-triazatetra<yclo[11.3.1.0^".0*'*Iheptadeca-2(11).3,5,7.9^ 
pentaene; 

6- methyl-5.8,15-triazatetracyclo[1 1 .3.1 .02-".0*-*Iheptadeca-2(1 1),3.5,7,9- 
pentaene; 

6.7-dlmethyl-5.8.1 5-tria2atetracyclo[1 1 .3. 1 .0^".0*»lheptadeca-2(1 1 ),3,5.7,g- 
pentaene; 

7- oxa-5.14-diazatetracyclo[10.3.1.0*^°0*'»]hexadeca-2(10).3.5.8-tetraene; 

6-methyl-7-oxa-5,14-diazatetracydo[10.3.1.02-'°.0*-*]hexadeca-2(10).3.6.8- 
tetraene; 

5- methyl-7-oxa-6.14-dia2atetracyclo[10.3.1.0^''».0*^hexadeca-2(10),3.5,8- 
tetraene; 

6- methyl-5-oxa-7.14-diazatetracyclo[10.3.1.0^'».0*»lhexadeca-2(10),3,6.8- 
tetraene; 

7- methyl-5-oxa-6. 14-diazatetracydd[1 0.3. 1 .0*"'.a''lhexadeca-2(1 0).3.6.8- 
tetraene; 

4.5- difIuoro-1 1-azatricydo[7.3.1 .0^^Jtrideca-2(7).3.5-triene; 

4- diloro-5-fIuoro-11-azatricydo[7.3.1.0*7]trideca-2(7).3.5-triene; 

5- diloro-4-fluoro-1 1-azatricydo(7.3.1 .02-']trideca-2(7).3.5-triene: 

4- (1-ethynyl)-5-fluoro-1 1-azatricydo[7.3.1 .02->deca-2(7).3,5-triene: 

5- (1-ethynyl)-4-fluoro-1 1-azatricydo[7.3.1 .0^>deca-2(7),3.5-trlene: 

6.6- difluoro-l 1-a2a-tricydo[7.3. 1 .02-^]trideca-2,4.6-triene; 

6- trifIuoromethyl-1 1-a2a-tricydo[7.3.1 .0*^]trideca-2,4.6-triene; 
6-methoxy-1 1 -a2a-tricydo[7.3. 1 .02'7]trideca-2(7),3.5-trfene: 

1 1-aza-tricydo[7.3. 1 .02-7]trideca-2(7).3.5-trien-6-ol; 
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6-fIuoro-11-aza-tricyclo[7.3.1.0^^]trideca-2(7).3.5-triene: 
1 1-a2a-trlcycloI7.3.1 .02-']trjdeca-2(7),3,5-trien-5-ol; 

4- nitro-1 1-a2a-tricyclo[7.3.1 .0^^]trideca-2(7),3.5-triene; 

5- nitro-1 1-aza-tricyclo[7.3.1 .o2'']trideca-2(7),3.5-triene; 

5- fluoro-1 1-a2a-tricyclo[7.3.1 .0^']trideca-2(7),3,5-triene; and 

6- hydroxy-5-methoxy-11-aza-tricydoI7.3.1.02.']trideca-2(7).3.5.t^^ and 
their pharmaceutically acceptable salts and their optical isomeis. 

Preferably, the nicotine receptor partial agonist is selected from; 

9-bromo-1 .2.3.4.5.6-hexahydro-1 .5-methano-pyrido[1 .2-aJ[1 .SJdlazodry^one; 

9-chloro-1 .2.3.4.5,6-hexahydro-1 .5-methano-pyrido[1 .2-a][1 .5]diazodn-8-one:' 

9-fluoro-1 .2,3,4,5.6-hexahydro-1 .5-methano-pyrido[1 ,2-a]I1 .SJdlazocl^^one: 

9-acetyl-1 .2.3.4.5.6-hexahydro-1 .5-methano-pyridoI1 .2a][1 .51dlazocin-8-one; 
9-iodo-1 ,2.3,4.5,6-hexahydro-1 .5-methano-pyrido[1 .2a][1 ,51diazocln-»K)ne; 
9-cyano-1 .2.3.4.5.6-hexahydro-1 .5^ethano-pyrido[1 .2a][1 .qdiazodn-SKXie: 
15 9-cart>omethoxy-1,2.3,4,5,6-hexahydro-1.5-methano- 
pyrido[1 ,2al[1 ,51diazocin-8-one; 

9-carboxyaldehyde-1 .2.3,4,5.6-hexahydro-1 .S^ethano- 
pyridoCI .2a][1 ,5]diazocin-8-one: 

9-(2.6-difluorophenyl)-1 .2.3.4,5,6-hexahydro-1 .5-methano- 
20 pyrido(1.2a][1.5]dia2ocln-8-one; 

9.phenyl-1.2.3.4.5.6-hexahydro-1.5-nnethano-pyrido[1.2a][1.5Jdia2odn.8.one; 
9-(2-fluorophenyl)-1 .2.3.4,5,6-hexahydro-1 .5-methano- 
pyrido[1 ,2a][1 ,5]diazocin-8-one; 

6-methyl-6-thia-5-dioxa-6.13-diazatetracyclo[9.3.1.02-'°0*-*]pentadeca- 
25 2(10),3.8-triene: 

4-fIuoro-10-aza-tricyclo[6.3.1.0^^]dodeca-2(7).3.5-triene; 
4-trifluoromethyl-1 0-aza-tricyclo[6.3. 1 .0^']dodeca-2(7).3.5-triene; 

4- nltro-10-azatricyclo(6.3.1.02-7]dodeca-2(7),3,5-triene; 

6-methyl-5.7,13-triazatetracyclo[9.3.1.02-i°0''«lpentadeca-2(10),3.5.8- 
30 tetraene; 

6.7-dimethyl-5.8,14-triazatetracycloI10.3.1.02'^\0*-^hexadeca-2(11),3,5.7.9- 
pentaene; 

5.8.14-trlazatetracyclo[10.3.1.0^".0^«lhexadeca-2(11).3.5.7.9-pentaene; 

5- oxa-7.13-dia2atetracyclo[9.3.1.02.ioo'^-8]pentadeca-2(10),3,6.8-tetraene; 
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6-methyl-5-oxa-7J3Kllazatetracydo[9.3.1.0*".0'»'*lpentadeca-2(10),3.e.8- 
tetraen ; 

10- azatricyclo[6.3.1.0^']dodeca-2(7).3.5-trien-4-yl cyanide: 
1-(10-azatricydoI6.3.1.02-^]dodeca.2(7).3.5-trierH4-yl)-1^thanone: 

11- azatricydo[7.3.1.0^^]trWeca-2(7).3.6-triene-5-carbonltri^^ 

1-[11-a2atricydoI7.3.1.0*>deca-2(7),3.5-trien-5-ylJ-1-ethanone: 
1-[11-a2atricydo[7.3.1.0^^]trideca-2(7).3.5-trien-5-ya-1-propanon^: 

4- fluoit>11.azatricydo[7.3.1.0^']trideca-2(7),3.5-triene-5-carbonitri^^ 

5- fluoro-11-azatricydo[7.3.1.0^'itrideca-2(7).3.5-triene-4-carb^ 

6- methyl-7-thia-5J4-diazatetracydoI10.3.1.0*".0*-^hexadeca-2(10).3.5.8- 
tetraene; 

6-methyl-5.7J4-triazatetracydo[10.3.1.0^^".0*'*Ihexadeca-2(10).3.5.8- 
tetraene; 

6.7KJimemyl-5,7J4-triazatetracydo[10.3.1.0*'^°0*-^he)<adeca-2(10).3,5.^ 
15 tetraene; 

6-methyl-7-oxa-5.14-dia2atetracydo[10.3.1.0^^«.0*-^hexadeca-2(10).3.5,8- 
tetraene; 

6-methyl-5^xa-7.14-diazatetracydoI10.3.1.tf^^o.0*»jhexadeca-2(10).3,6,8- 
tetraene; 

20 5.6-dmuoro-1 1-a2a-tricydoI7.3.1.0^^]trideca-2.4,6-triene; 

6-trifluoromethyH 1-a2a-tricydo[7.3.1 .02-^]trideca-2,4.6-triene; 
6-methoxy-1 1-a2a-tricydo[7.3.1 .02-']trjdeca-2(7).3.5-triene: 
6^uoro-1 1-aza-tricydo[7.3.1 .02-^]trideca-2(7).3.5-triene; and 
1 1-aza-tricydo[7.3.1.0^^]trideca-2(7).3.5-trien-5-ol 
and their phamiaceuUcally acceptable salts and their optical isomers. 

The estrogenic agent is estradiol or a phamnaceutically acceptable form of 
estradiol. 

The estrogen receptor modulators are selected from estrogen, lasofoxifene. 
droloxifene. tamoxifen and raloxifene (Evista). 

The present invention relates to a pharmaceutical composition for the 
enhancement of cognition or the treatment of disorders involving cognitive 
dysfunction in a mammal comprising (a) A GABA^ inverse agonist with binding and 
functional properties sud) as th ones described in Table 1 or phamiaceutical 
acceptable salt thereof; (b) a nicotine receptor partial agonist (NRPA). an estrogenic 
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agent, a selective estrogen receptor modulator (SERM) or vitamin E or a 
phannaceutically acceptabi salt thereof; and (c), a pharmaceutlcally acceptable 
camen wherein the active ingredients (a) and (b) above are present In amounts that 
render the composition effective In the enhancement of cognition or the treatment of 
5 disorders of cognitive dysfunction. 

The present Invention also provides kits comprising: 

a) a first compound, said first compound being a compound of formula I. an isomer 
ttiereof, a prodrug of said compound or isomer, or a phamiaceutically acceptable 
salt of said compound, isomer or prodrug; and a phamiaoeutically acceptable 
carrier, vehicle or diluent In a first unit dosage form; 

b) a second compound, said second compound being selected from ttie group 
consisting of a nicotine receptor partial agonist (NRPA), an estrogenic agent, a 
selective estrogen receptor modulator (SERM) or vitamin E and a 
phanmaceutically acceptable canier, vehicle or diluent in a second unit dosage 
fomi; and 

c) a container for containing said first and second dosage fornis wherein ttie 
amounts of said first and second compounds result in an enhanced ttierapeutic 
effect 

The phannaceutical compositions are useful in the enhancement of cognition or 
ttie treatment of disorders Involving cognitive dysfunction including but not limited to 
Alzheimer's Disease (AD), mild cognitive impairment, age-related cognitive decline, 
vascular dementia, Parlcinson's disease, Huntington's disease, memory impairment 
associated with depresssion or anxiety, schizophrenia, Down's syndrome, stroke, 
tiaumatic brain injury (TBI), AIDS associated dementia and attention deficit disorder. 

A preferred aspect of tills mettiod is wherein ttie GABAa inverse agonist is in 
combination witti rilcotinic receptor partial agonists (NRPA) or a pharmaceutically 
acceptable form of the foregoing compounds. 

Another prefenned aspect of this method is wherein the GABAa inverse 
agonist is in combination witti an estrogenic agent or a phamriaceuticaliy acceptable 
form of estrogen. 

Anottier prefenred aspect of ttiis metiiod is wherein ttie GABAa Inverse 
agonist is in combination witti a SERM selected from lasofoxifene, droloxifene, 
tamoxifen and raloxifene (Evista) or a pharmaceutically acceptable salt of one of ttie 
foregoing compounds. 
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Another preferred aspect of this method is wherein the GABAa inverse 
agonist is in combination with vitamin E or a phamnaceuticaliy acceptabi fomi of 
vitamin E. 

Another preferred aspect of this method is wherein the GABAa inveise 
agonist is administered substantially simultaneously with the NRPA, an estrogenic 
agent SERM, or vitamin E. 

The phannaceutical composition is used for enhandng cognition or treating a 
disorder involving cognitive dysfunction, including but not limited to Alzheimer's 
Disease (AD), mild cognitive Impainnent, age-related cognitive decline, vascular 
dementia. Parkinson's disease. Huntington's disease, memory impainnent 
assodated with depresssion or anxiety, schizophrenia. Down's syndrome, stroke, 
traumatic brain injury (TBI). AIDS associated dementia and attention deficit disorde^ 
in a mammal, including a human. The method comprises administering to said 
mammal a cognitive dysfunction attenuating effective amount of the above 
phannaceutical composition comprising (a) a GABAa inverse agonist with binding and 
functional properties such as the ones described in Table 1 or pharmaceutical 
acceptable salt ttiereof; (b) a nicotine receptor partial agonist (NRPA). an estrogenic 
agent a selective estrogen receptor modulator (SERM) or vitamin E or a 
phamiaceuticaily acceptable salt thereof. In the phamiaceutical composition (a) and 
20 (b) are present in amounts ttiat render the composition effective in treating such 
disorders. 

The terni -treating-. trealT or -Ireatmenr as used herein includes preventive 
(e.g.. prophylactic), disease-modifying, and palliative treatment 

The chemist of ordinary skill will recognize that certain compounds of this 
25 invention will contain one or more atoms, which may be in a particular stereochemical 
or geometric configuration, giving rise to stereoisomers, tautomers and 
configurational isomers. All such isomers and mixtures ttiereof are included in ttiis 
Invention. Hydrates of ttie compounds of this invention are also included. 

The chemist of onJinary skill will recognize ttiat certain combinations of 
30 heteroatom-containing substituents listed in ttiis Invention define compounds which 
will be less stable under physiological conditions (e.g. ttiose containing acetal or 
aminal linkages). Accordingly, such compounds are less prefened. 
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Detailed Description Of The Invention 

The GABAa ligands disclosed above may be prepared by th methods 
described In WO 99/10347 by Neurogen Corp., published March 4, 1999. which is 
incorporated herein by reference. 

By lower alkyi in the present invention is meant straight or branched chain 
alkyi groups having 1-6 cartx)n atoms, such as, for example, methyl, ethyl, propyl, 
isopropyl, n-butyl, sec-butyl, tert-butyl, pentyl, 2-pentyl, Isopentyl, neopentyl. hexyl, 2- 
hexyl, 3-hexyl, and 3-methylpentyl. 

By cydoalkyi in the present invention is meant (^cloalkyl groups having 3-7 
atoms, such as, for example, cyclopropyl, cydobutyl, cydopentyi. cydohexyl, and 
cydoheptyl. 

By aryl is meant an aromatic cariaocydic group having a single ring (e.g., 
phenyl), multiple rings (e.g., biphenyl), or multiple condensed rings In which at least 
one is aromatic, (e.g.. 1,2.3,4-tetrahydronapthyl, naphthyl. anthryl. or phenanthryl), 
which Is optionally mono-, di-, or tiisubsituted with, e.g., halogen, lower alkyi, lower 
alkoxy. lower alkyltiiio, bifluoromethyl, lower acyloxy, aryl. heteroaryl. and hydroxy. 

By lower alkoxy in tfie present invention is meant straight or branched chain 
alkoxy groups having 1-6 carbon atoms, such as, for example, methoxy, ethoxy. 
propoxy, isopropoxy, n-butoxy, sec-butoxy. tert-butoxy, pentoxy. 2-penfyl, isopentoxy, 
neopentoxy, hexoxy. 2-hexoxy, 3-hexoxy. and 3-methylpentoxy. 

By cydoalkoxy in the present invention is meant cydoalkylalkoxy groups 
having 3-7 carbon atoms where cydoalkyi is defined above. 

By halogen in ttie present invention is meant fluorine, bromine, chlorine, and 

iodine. 

By heteroaryl (aromatic heterocycle) in the present invention is meant one or 
more aromatic ring systems of 5-, 6-, or 7-memt)ered rings containing at least one 
and up to four hetero atoms selected from nitrogen, oxygen, or sulfur. Such 
heteroaryl groups indude, for example, tiiienyl. furanyl. tfiiazolyl. imidazolyl, 
(is)oxazolyl, pyridyl, pyrimklinyl, (iso)quinolinyl, naphthridinyl. benzimidazol^, and 
benzoxazolyl. 

A mammalian nicotine receptor partial agonist (NRPA). its optical isomers or a 
phannaceutically acceptable salt of the forgoing compounds may be used in tills 
invention. The term NRPA refers to chemical compounds tiiat bind to neuronal 
nicotine receptor sites and elicit a partial agonist response. 
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Th particular NRPA compounds listed above, which can be employed in th 
methods and phannaceutical compositions of this invention, can b made by 
processes known in the chemical arts, for example, by the methods described In U.S. 
Patent No. 6.235.734 by Pfizer Inc., issued May 22. 2001; WO 99/35131 by Pfizer 
Products Inc., published July 15, 1999; and WO 99/55680 by Pfizer Products Inc., 
published November 4. 1 999; which are incorporated herein by reference. 

Some of the NRPA compounds employed In this invention are ionizable at 
physiological conditions. Thus, for example some of the compounds of this Invention 
are addic and they fomrj a salt with a phannaceutically acceptable cation. The use of 
all such salts are within the scope of the phannaceutical compositions and methods 
this invention and they can be prepared by conventional methods. For example, they 
can be prepared simply by contacting ttie addle and basic entities, usually in a 
stoichiometric ratio, in eittier an aqueous, rion-aqueous or partially aqueous medium, 
as appropriate. The salts are recovered eiUier by filtration, by predpitation witti a 
15 non-solvent followed by filtration, by evaporation of ttie solvent, or. in ttie case of 
aqueous solutions, by lyophllizati'on. as appropriate. 

In addition, some of ttie NRPA compounds employed in ttiis invention are 
basic, and ttiey fomi a salt witti a phannaceutically acceptable add. M such salts 
are wittiin ttie scope of ttiis invention and ttiey can be prepared by conventional 
mettiods. For example, ttiey can be prepared simply by contacting ttie basic and 
addic entities, usually in a stoichiometric ratio. In eittier an aqueous, non-aqueous or 
-partially aqueous medium, as appropriate. The salts are recovered eittier by 
filtration, by predpitation with a non-solvent followed by filtration, by evaporation of 
ttie solvent, or. in tiie case of aqueous solutions, by lyophilization. as appropriate. 

The utility of ttie NRPA compounds employed in ttie present invention as 
medidnal agents In tiie treattnent of ADHD mammals (e.g. humans) is demonstrated 
by the activity of ttie compounds of ttiis invention in conventional assays and. in 
particular ttie assays described below. Such assays also provide a means whereby 
ttie activities of ttie compounds of ttiis invention can be compared between ttiem and 
30 witti ttie activities of ottier known compounds. The results of ttiese comparisons are 
useful for detemiining dosage levels in mammals, induding humans, for ttie 
treatment of such diseases. 
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An estrogenic agent or a phanmaceutlcally acceptable fonn of estrogen may 
be used in this invention. 

An estrogen receptor modulator agent or a SERM or a pharmaceuticaljy 
acceptable salt of the foregoing compounds such as estrogen, lasofoxifene. 
5 drotoxifene. tanwxifen. raloxifene (Evista) may be used in this invention. 

Vitamin E or a pharmaceutlcally acceptable form of vitamin E may be used 
in this invention. 

In general, the compounds of this invention can be made by processes which 
include processes known in the chemical arts, particularly in Kght of the description 
10 contained herein. 

Some of the preparation methods useful for making the compounds of this 
invention may require protectfon of remote functionality O-e.. primary amine 
secondaiy amine, cartjoxyl). The need for such protectkm will vary depending on the 
nature of the remote functionality and the conditfons of the preparation methods. The 
need for such protection is readily detennined by one skilled In the art The use of 
such protection/deprotecBon methods is also within the skill in the art For a general 
description of protecting groups and ttieir use. see T.W. Greene. Protective Qm..n« m 
Orqanic Synthesis . John Wiley & Sons. New Yoric. 1991. The starting materials and 
reagents for the compounds of this inventfon are also readily available or can be 
easily synthesized by those skilled in the art using conventional methods of organic 
synthesis. For example, many of the compounds used herein are related to or are 
derived from compounds found in nature, in which there is a large sdentific Interest 
and commerdal need, and accordingly many such compounds are commercially 
available or are reported in the lltereture or are easily prepared from other commonly 
25 available substances by methods which are reported in the literature. 

In certain situations, compounds of fomiula I may contain one or more 
asymmetric carbon atoms, so that tiie compounds can exist In different 
stereoisomeric fomis. These compounds can be. for example, racemates or optk^lly 
active fomis. In Oiese situations, the single enantiomers. I.e.. optically active forms. 
30 can be obtained by asymmetric synthesis or by resolution of the recemates ' 
Resolution of the racemates can be accomplished, for example, by conventfonal 
methods such as crystallization In the presence of a resolving agent, or 
chromatography, using for example a chlral HPLC column. 
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Som of the compounds of this invention are ionizable at physiological 
conditions. Thus, for example some of the compounds of this invention are acidic 
and they form a salt with a phannaceutically acceptable cation. All such salts are 
within the scope of this invention and they can be prepared by conventlonal methods. 
> For example, they can be prepared simply by contacting the acidic and basic 
entities, usually In a stoichiometric ratio, in either an aqueous, non-aqueous or 
partially aqueous medium, as appropriate. The salts are recovered either by filtration 
by predpitation with a non-solvent followed by filtration, by evaporation of the solvent.' 
or. in the case of aqueous solutions, by lyophilization. as appropriate. 
' In addition, some of the compounds of this Invention are basic, and they fbrni 

a salt with a phamiaceutically acceptable anion. All such salts are within the scope of 
this invention and they can be prepared by conventional methods. For example, they 
can be prepared simply by contacting the addic and basic entities, usually' in a 
stoichiometric ratio, in either an aqueous, nonaqueous or partially aqueous medium, 
as appropriate. The salts are recovered either by fiHiation. by predpitation with a 
non-solvent followed by filtration, by evaporation of the solvent, or. in the case of 
aqueous solutions, by lyophilization. as appropriate. 

Non-toxic phamnaceuticai salts indude salts of adds such as hydrochloric 
phosphoric, hydrobromic. sulfuric, sulfinic. fonnic. toluenesulfonic. methanesulfonic.' 
nitric, benzoic, dtric. tartaric, maleic. hydrolodic. aikanoic such as acetic. HOOC- 
(CHe)n-COOH where n is 0 - 4. and the lilce. Non-toxic pharmaceutical bas^ addition 
salts indude salts of bases sud, as sodium, potassium, caldum. ammonium, and the 
like. Those skilled in the art will recognize a wide variety of non-toxic 
pharmaceuticaily acceptable addition salts. 

In addition, when the compounds of this invention forni hydrates or solvates 
they are also within the scope of the Invention. 

The present invention also encompasses the acylated prodmgs of the 
compounds of fomiula I. Those skilled in the art will recognize various synthetic 
methodologies whidi may be employed to prepare non-toxic phannaceutically 
acceptable addition salts and acylated prodmgs of the compounds encompassed by 
formula I. 

The utility of the compounds of the present invention as medical agents in the 
treatment of conditions which present with low cognitiv function (sudi as 
Alzheimer's Disease (AD), mild cognitive impaimient. age-related cognitive dedin 
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vascular dementia, Parkinson's disease. Huntington's dis as . memory Impairment 
associated with depresssion or anxiety, schizophrenia. Down's syndrom . strok . 
traumatic brain injury (TBI). AIDS associated dementia and attention deficit disorde^ 
in mammals (e.g. humans) Is demonstrated by the activity of the compounds of this 
invention in conventional assays and the in vitro assays described below. Cognitive 
function of the agents themselves or of the combination agents in mammals Is 
measured in the radial arm maze in rodents or delayed matching to sample tests In 
primates. Such assays also provide a means whereby the activities of the 
compounds of this invention can be compared between themselves and with the 
activities of other known compounds. The results of these comparisons are useful for 
determining dosage levels In mammals, including humans, for the treatment of such 
diseases. 

Bioloqiral Aggayc 
Procedures 
15 GABA ^ Assays 

The pharmaceutical utility of compounds and composittons of this inventton is 
indicated by the following assays for GABAa receptor activity. 

Assays are carried out as described in Thomas and Tallman (J. Bk). Chem. 
156: 9838 - 9842. J. Neurosd. 3: 433 - 440. 1983). Rat cortteal tissue Is dissected 
and homogenized in 25 volumes (w/v) of 0.05 M Tris HCI buffer (pH 7.4 at 4»C). The 
tissue homogenate is centrifuged in the coW (4o) at 20.000 x g lor 20*. The 
supernatant is decanted and the pellet is rehomogenized in the same volume of 
buffer and again centrifuged at 20.000 x g. The supernatant is decanted and the 
pellet is frozen at .20«>C overnight. The pellet is then thawed and rehomogenized in 
25 volume (original wtA/ol) of buffer and the pitxedure Is carried out twice. The pellet 
is finally resuspended in 50 volumes (w/vol of 0.05 M Tris HCI buffer (pH 7 4 at 
40»C). 

Incubations contain 100 ^1 of tissue homogenate. 100 pl of radfoligand 0.5 nM 
('H-R015-1788 rH-FlumazeniU specific activity 80 Ci/mmol). drug or blocker and 
30 buffer to a total volume of 500 pi. Incubations are carried out for 30 minutes at 4«»C 
then are rapidly filtered through GFB filters to separate free and bound ligand. Filters 
are washed twice with fresh 0.05 M Tris HCI buffer (pH 7.4 at 4«'C) and counted in a 
liquid sdntlllation counter. 1.0 mM diazepam is added to some tubes to detemiin 
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nonspeclflc binding. Data are collected in triplicate detenminations. averaged and % 
inhibition of total specific binding is calculated. Total Specific Binding = Total - 
Nonspecific. In some cases, the amounts of unlabeled drugs is varied and total 
displacement cuives of binding are carried out Data are converted to Kl's. 
5 Compounds of the invention when tested in the assay described above have Kl's of 
less than 1^M. 

In addition, the following assay may be used to detemiine if the compounds of 
the invention are agonists, antagonists, or inverse agonists, and. therefore, their 
specific phannaceutical utility. The following assay can be employed to determine 
1 0 specific GABfi^ receptor activity. 

Assays are earned out as described in White and Gurtey (NeuroReport 6: 
1313 - 1316. 1995) and White. Gurtey. Hartnett. Stiriing. and Gregory (Receptors 
and Channels 3: 1 - 5. 1995) with modifications. Xenopus Laevis oocytes are 
enzymatically isolated and injected with non-polyadenylated cRNA mixed in a ratio of 
15 4:1:4 for human derived a. 3. and y subunits. respectively. For each subunit 
combination, suffident message is injected to result in current amplitudes of >10 nA 
when 1 GABA is applied. 

Electrophysiological recordings are canied out using the two electrode 
voltage-damp technique at a membrane holding potential of -70 mV. 
20 Compounds are evaluated against a GABA concentration that evokes <10% 

of the maximal evokable GABA current Each oocyte is exposed to increasing 
concentrations of compound in order to evaluate a concentration/effect relationship. 
Compound efficacy is expressed as a percent-change in current amplitude: 100 * 
((lc^l)-1), where Ic is the GABA evolted current amplitude observed in the presence of 
25 compound and I is ttie GABA evoked cunent amplitude observed in ttie absence of 
compound. 

Specifidty of a compound for tiie Ro15-1788 site is determined following 
completion of the concentration/effect curve. After washing the oocyte suffidenfly to 
remove previously applied compound, ttie oocyte is exposed to GABA + 1 jiM 

Ro15 - 1788. followed by exposure to GABA + 1 jiM Ro15 - 1788 + 
compound. Percent change due to addition of compound is cateulated as described 
above. Any percent change obsen/ed in the presence of Rol 5 - 1788 Is subtracted 
firom ttie percent changes in cument amplitude observed in tti absence of 1 nM 
Ro15-1788. 
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Thes net values are used for the calculation of averag efficacy and ECs. 

values. 

To evaluate average efficacy and EC50 values, the concentration/effect data 
are averaged across cells and fit to the logistic equation. Average values are 
5 reported as mean ± standard error. 
Nicotine receolnr Nndino assay 

The effectiveness of the active compounds m suppressing nicotine binding to 
specific receptor sites is detemUned by the following procedure which Is a 
modification of the methods of Uppiello. P. M. and Femandes. K. G. (In The Binding 

'° ^ HINicotlne To A Single ria.n of Hinh mmt. ... o 

Molecular Phami .. ^. 448-54. (1986)) and Anderson. D. J. and Americ. S. P. (in 

N.<x>tinic Receptor Rinding of_3H,Qgfejne_ SH^Nicotin. .nH 

H-l^ethylcamihamyicholine In Rat Brain . European J, Ph:.r»i 
Male Sprague-Dawley rats (200-300 g) from Charles River were housed in groups in 
15 hanging stainless steel wire cages and were maintained on a 12 hour light/dark cyde 
(7 a.m.-7 p.m. light period). They received standard Purina Rat Chow and water ad 
Mty . The rats were k«led by decapitation. Brains were removed immediately 
followng decapitation. Membranes were prepared from brain tissue according to the 
methods of Lippielio and Fernandez (Motec Phannafflt. 29. 44^454. (1986) with 
some modifications. Whole brains were removed, rinsed with icoKX*! buffer and 
homogenized at 0- in 10 volumes of buffer (w/V) using a Brinkmann Polygon™ sitting 
6. for 30 seconds. The buffer consisted of 50 mM Tris HCI at a pH of 7.5 at room 
temperature. The homogenate was sedimented by centrifugatfon (10 minutes; 50 000 
X g; 00 to 40C). The supematant was poured off and the membranes were gently 
resuspended with the Polytron and centrifuged again (10 minutes; 50.000 x g- 0 to 
40c. After the second centrifugatfon. the membranes were resuspended in assay 
buffer at a concentration of I.Og/IOOmL The composition of the standard assay 
buffer was 50 mM Tris HCI. 120 mM NaCI. 5 mM KCI. 2 mM MgCI. 2 mM CaCI. and 
has a pH of 7.4 at room temperature. 

Routine assays were pertbmied in borosillcate glass test tubes. The assay 
mixture typically consisted of ().9 mg of membrane protein in a final incubation volume 
Of 10 mL Three sets of tubes were prepared wherein ti,e tubes in each set contained 
SOpL of vehicle, blank, or test compound solution, respectively. To each tube Was 
added 200ml of l3HJ^icotine in assay buffer followed by 750mL of the membran 
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suspension. The final concentration of nicotine in each tub was 0.9 nM. Th final 
concentration of cytisine in the blank was 1|jM. The vehid consisted of delonlzed 
water containing 30mL of 1 N acetic acid per 50 mL of water. The test compounds and 
cytisine were dissolved in vehicle. Assays were initiated by vortexing after addition of 
the membrane suspension to the tube. The samples were incubated at 0*> to 40 CIn 
an iced shaking water bath. Incubattons were terminated by rapkj filtration under 
vacuum through Whatman GFJB™ glass fiber filters using a Brandel™ multknanifokJ 
tissue harvester. Following the Initial filtratton of the assay mixture, filters were 
washed two times with ice-cold assay buffer (5 m each). The filters were then plaK»d 
in counting vials and mixed vigorously witti 20 ml of Ready Safa™ (Beckman) before 
quantification of radioactivify. Samples were counted in a LKB Wallach Rackbete^ 
liquid scintillation counter at 40-50% efficiency. All determinations were in triplicate. 
Calculations: 

Specific binding (C) to the membrane is the difTerence between total binding in 
the samples containing vehicle only and membrane (A) and non-specific binding in the 
samples containing the membrane and cytisine (B), i.a. 

Specific binding = (C) = (A) - (B). 

Specific binding in the presence of the test compound (E) is the difference 
between the total binding in the presence of the test compourKl (D) and non-specific 
binding (B), Le,, (E) = (D) - (B). 

% Inhibition = (1 -((E)/(C)) times 1 00. 

The compounds of the invention that were tested in the above assay exhibited 
ICso values of less than 1 0pM. 
Dopamine Tumoven 

Rats were injected s.c. or p.o. (gavage) and then decapitated either 1 or 2 
hours later. Nucleus accumbens was rapidly dissected (2 mm slices, 4**C. in 0.32 M 
sucrose), placed in 0.1 N perchloric acid, and then homogenized. After centrifugation 
10uL of the supernatant was assayed by HPLOECD. Turnover/ utilization of 
dopamine (DA) was calculated as the ratio of tissue concentrations of metabolites 
([DOPAC]+[HVA]) to DA and expressed as percent of control. 
Estrogen receptor binding assav 
cDNA cloning of human ERa and ERB: 

The coding region of human ERa^was cloned by RT-PCR from human breast 
cancer cell mRNA using Expand™ High Fidelity PGR System according to 



-30- 



manufacturer's instructions (Boehringer-Mannheim, Indianapolis, IN). The coding 
region of human ERp was cloned by RT-PCR from human testes and pituitary mRNA 
using Expand™ High Fidelity PGR System according to manufacturer's instructions 
(Boehringer-Mannheim, Indianapolis, IN). PGR products were cloned into pGR2.1 
5 TA Gloning Kit (Invitrogen, Garlsbad, GA) and sequenced. Each receptor coding 
region was subdoned into the mammalian expression vector pcDNA3 ((Invitrogen, 
Garlsbad. CA). 
Mammalian cell expression. 

Receptor proteins were overexpressed in 293T cells. These cells, derived 

10 from HEK293 cells (ATGG, Manassas, VA), have been engineered to stably express 
large T antigen and can therefore replicate plasmids containing a SV40 origin of 
replication to high copy numt>ers. 293T cells were transfected with either hERa- 
pcDNAS or hERp-pcDNAS using lipofectamine as described by the manufacturer 
(Gibco/BRL, Bethesda, MD). Gells were harvested in phosphate buffered saline 

15 (PBS) with 0.5 mM EDTA at 48 h post-transfection. Gell peljets were washed once 
with PBS/EDTA. Whole cell lysates were prepared by homogenizatlon in TEG buffer 
(50 mM Tris pH 7.4, 1.5 mM EDTA. 50 mM NaGi, 10% glycerol, 5 mM DTT, 5 pg/ml 
aprotinin, 10 ^g/ml leupeptin, 0.1 mg/ml Pefabloc) using a dounce homogenizor. 
Extracts were centrifuged at 100,000 x g for 2 h at 4G and supematants were 

20 collected. Total protein concentrations were determined using BioRad reagent 
(BioRad, Hercules, GA). 
Gompetition bindina assay. 

The ability of various compounds to inhibit [^H]-estradiol binding was 
measured by a competition binding assay using dextran-coated charcoal as has been 

25 described (Leake RE, Habib F 1987 Steroid^ hormone receptors: assay and 
characterization. In: B. Green and R.E. Leake (eds). Steroid Hormones a Practical 
Approach. IRL Press Ltd, Oxford. 67-92.) 293T cell extracts expressing either hERa 
or hERp were incubated in the presence of increasing concentrations of competitor 
and a fixed concentration of [^H]-estradlol (141 Gi/mmol, New England Nuclear, 

30 Boston, MA) in 50 mM TrisHGI pH 7.4, 1.5 mM EDTA, 50 mM NaGI. 10% glycerol. 5 
mM DTT, 0.5 mg/mL p-lactoglobulin in a final volume of 0.2 mL. All competitors were 
dissolved in dimethylsulfoxide. The final concentration of receptor was 50 pM with 
0.5 nM [^H]-estradiol. After 16 h at 4G, dextran-coated charcoal (20 pL) was added. 
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After 15 min at room temperature the charcoal was removed by centrifugation and 
the radioactive ligand present in the supematant was measured by scintillation 
counting. All reagents were obtained from Sigma (St. Louis, MO) unless oth rym 
indicated. 

Assavs for cognitive dysfunction 
Radial Arm Maze 

Animals were food restricted to approximately 85% of their normal free- 
feeding weight and maintained at this level for 3 days prior to the first day of 
exposure to the maze. 

Habituation: Reinforcement (Peanut Butter Chips) was placed near the 
entrance and at the mid-point of each arm, the animal was placed on the maze and 
allow to explore and consume the chips for a period of ten minutes, or until all chips 
were consumed. On the second day of habituation, the chips were placed at the mid- 
point and in a food cup at the end of each arm- Again, the animal was allowed ten 
minutes to explore or until all chips were consumed. 

Training: Reinforcement is placed only in the food cup at the end of each 
arm. The animal is placed on the maze oriented away from the experimenter, and 
fadng the same arm at the start of each trial. The timer is started and each entry is 
recorded In sequence. An entry is defined as all four paws entering the arm. The 
animal is allowed to choose until all eight amis are entered and the chip is consumed, 
or until 5 minutes has elapsed. Entry into an arm previously chosen is counted as an 
error. If an animal fails to choose all eight anms in 5 minutes, arms not chosen are 
also counted as errors. Animals are trained once a day. The criterion for leaming is 
< 1 error per day on at least two consecutive days. Dependent measures are 
numk)er of errors, time to complete the maze, and number of days to reach criterion. 

Drug Administration: Compounds to test for improvement of cognition are 
administered prior to each training session, or immediately following the training 
session. 

Data analysis: Number of errors, and time to complete the maze are 
analyzed using repeated measures ANOVA Statview (SAS Institute) and post hoc 
testing using Dunnetfs test. 
Delaved matchino to sample 

Animals are tested in their home cages using a computer-automat d training 
and testing system which measures and categorizes, in addition to percent con-ect at 
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each delay, th latency of response at each step of each matching problem, and 
percent con-ect for every possible combination of matching stimuli (position and 
color). Stimuli on ttie test panels (attached to the home cages) are 2.54 cm diameter 
colored disks (red. yellow, or green) presented by light-emitting diodes located behind 
dear plastic push-keys. A trial is initiated with the illumination of tfie sample key by 
one of ttie colored disks. The sample light remains lit until ttie sample key is 
depressed by ttie subject, initiating one of four pre-programmed delay intervals, 
during which no disks are illuminated. Foitowing ttie delay interval, two chotee lights 
located betow ttie sample key are illuminated. One of ttie chotoe lights matches ttie 
cotor of ttie sample light These disks remain Illuminated until ttie subject presses 
one of ttie two lighted keys. Key-presses of choice stimuli ttiat match ttie cotor of ttie 
sample stimulus are rewarded by dispensing a 300 mg fmlt-flavored food pellet 
Non-matching choices are neittier rewarded nor punished. Matching configurations 
are fully counterbalanced for skie. delay, and color. A 5 sec inter-ttial interval is used. 
Monkeys complete 96 tiials on each day of testing. In standard DMTS sessions, four 
possible delay intervals between a subject's response to the sample light and ttie 
presentation of ttie two choice lights are emptoyed: a Zero delay, and a Short 
Medium, and Long delay. Short Medium, and Long delay inten/als are indivklually 
adjusted to produce stable perfomiance levels approximating ttie foitowing tevels of 
accuracy: Zero delay (85-100% conect) Short (75-85% conect); Medium (65-75% 
correct): and Long (55-65% correct). 

Variables relating to ttie monkey's performance are tabulated in a mattbc for 
each daily session. It is possible to separate two main components of ttie DMTS 
task, a test of memory recall and a cognitive component which tests ttie absttact 
conceptualization of "matching". Baseline runs are generally perfonned on Mondays, 
witii drug administered on Tuesdays and Thursdays. Wednesdays and Fridays ttie 
animals are tested, but no drug or vehicle will be administered. The animals are not 
run on weekends. We have not found any effect of day of testing on animal 
perfomiance of ttie DMTS task. However, baseline perfomiance is continuously 
monitored and redefined should ttie animal's perfomiance change during ttie study. 
In such cases it would be necessary to detennine if ttie baseline change is temporary 
(e.g.. drug related) or pemianent In eitiier case dmg testing is discontinued to allow 
ttie adjustonent(if necessary) of delay intervals until a typical and stable level of 
baseline perfomiance is once again attained [Paule et al.. Neurotoxicotogy and 
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Teratology, 20, 493-502 (1998); Buccafusco et al.. Behavioral Pharmacology. 10, 
681-690(1999)]. 

The combination of a GABAa inverse agonist and a NRPA will result in 
increased efficacy in comparison to the efficacy displayed by either agent alone. In 
addition, such a combination may aljow lower, subefficadous doses of each agent to 
be administered, resulting in efficacy similar to the one observed with higher doses of 
either agent alone and fewer side effects (or higher therapeutic index). 

The combination of a GABAa inverse agonist and estrogen and/or SERM will 
result in increased efficacy in comparison to the efficacy displayed by either agent 
alone. In addition, such a combination may allow lower, subefficadous doses of each 
agent to be administered, resulting In efficacy similar to the one observed with higher 
doses of either agent alone and fewer side effects (or higher therapeutic index). 

The combination of a GABAa Inverse agonist and vitamin E will result in 
increased efficacy in comparison to the efficacy displayed by either agent alone. In 
addition, such a combination may allow lower, subefficadous doses of each agent 
to be administered, resulting in efficacy similar to the one observed with higher 
doses of either agent alone and fewer side effects (or higher therapeutic index). 

The results of these comparisons are useful for determining dosage levels in 
mammals, induding humans, for the treatment of such diseases. 

Administration of the compositions of this invention can be via any method 
which delivers a compound of this invention systemicatly and/or locally. These 
methods indude oral routes and transdermal routes, etc. Generally, the compounds 
of this invention are administered orally, but parenteral administration may l>e utilized 
(e.g., intravenous, intramuscular, subcutaneous or intramedullary). The two different 
compounds of this invention can be co-administered simultaneously or sequentially in 
any order, or a single pharmaceutical composition comprising a NRPA as described 
above and an anti-depressant or anxiolytic as described above in a pharmaceutically 
acceptable carrier can be administered. 

The amount and timing of compounds administered will, of course, be based 
on the judgement of the prescribing physician. Thus, because of patient to patient 
variability, the dosages given below are a guideline and the physidan may titrate 
doses of the agent to achieve the activity that the physician considers appropriate for 
the individual patient. In considering the degree of activity desired, th physidan 
must balance a variety of fadors such as cognitive function, age of the pati nt. 
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presence of preexisting disease, as well as presence of other diseases (e.g., 
cardiovascular). The following paragraphs provide preferred dosage ranges for the 
various components of this invention (based on average human weight of 70 kg). 

In general, an effective dosage for the GABAa in the range of 0.001 to 30 
5 mg/kg/day, preferably 0.01 to 10.0 mg/kg/day. 

In general, an effective dosage for the NRPA in the range of 0.001 to 200 
mg/kg/day, preferably 0.01 to 10.0 mg/kg/day. 

The specific dosages for the estrogens or SERMS are as follows: 

For estradiol the range is 0.005 to 0.03 mg/kg/day 
10 For lasofoxifene the range is 0.0001 to 0.01 mg/kg/day 

For droloxifene the range is 0.1 to 1.5 mg/kg/day 

For tamoxifen the range is 0.05 to 0.5 mg/kg/day 

For raloxifene (Evista) the range is 0.1 to 1.7 mg/kg/day 

The specific dosages for vitamin E are 500-4,000 units a day, preferably 
15 1 ,000 units once or twice a day. 

It will be understood, however, that the specific dose level for any particular 
patient will depend up on a variety of factors including the activity of the specific 
compound employed, the age, txxiy weight, general health, sex, diet, time of 
administration, route of administration, and rate of excretion, drug combination and 
20 the severity of the particular disease undergoing therapy. 

The compositions of the present invention are generally administered in the 
form of a pharmaceutical composition comprising at least one of the compounds of 
this invention together with a pharmaceutically acceptable vehicle or diluent Thus, 
the compounds of this invention can be administered individually or together in any 
25 conventional oral, parenteral or transdermal dosage form. 

For oral administration a pharmaceutical composition can take the form of 
solutions, suspensions, tablets, pills, capsules, powders, and the like. Tablets 
containing various excipients such as sodium citrate, calcium carbonate and calcium 
phosphate are employed along with various disintegrants such as starch and 
30 preferably potato or tapioca starch and certain complex silicates, together with 
binding agents such as polyvinylpyn^oiidone, sucrose, gelatin and acacia. 
Additionally, lubricating agents such as magnesium stearate, sodium lauryl sulfate 
and talc are often very useful for tabletting purposes. Solid compositions of a similar 
type are also employed as fillers in soft and hard-filled gelatin capsules; preferred 
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materials in this connection also include lactose or milk sugar as well as high 
molecular weight polyethylene glycols. When aqueous suspensions and/or elixirs are 
desired for oral administration, the compounds of this invention can be combined with 
various sweetening agents, flavoring agents, coloring agents, emulsifying agents 
and/or suspending agents, as well as such dOuents as water, ethanol. propylene 
glycol, glycerin and various like combinations thereof. 

For purposes of parenteral administration, soluttons in sesame or peanut oil 
or in aqueous propylene glycol can be emptoyed. as wen as sterile aqueous soluttons 
of the corresponding water-soluble salts. Such aqueous solutions may be suitably 
buffered, if necessary, and the liqukJ diluent first rendered isotonic with sufficient 
saline or glucose. These aqueous solutions are especially suitable for intravenous, 
intramuscular, subcutaneous and intraperitoneal injectfon purposes. In this 
connection, the sterile aqueous media employed are aO readily obtainable by 
standard techniques well-known to those skilled in the art 

For purposes of transdermal (e.g..topical) administration, dilute sterile, 
aqueous or partially aqueous solutions (usually in about 0.1% to 5% concentration), 
othenwise similar to the above parenteral solutions, are prepared. 

Methods of preparing various phannaceutical compositions with a certain 
amount of active ingredient are known, or will be apparent in light of this disclosure, to 
those skilled in this art For examples, see Remington's Phannaceutical Sciences , 
Mack Publishing Company, Easter. Pa., 15th Edition (1975). 

Phannaceutical compositions according to the invention may contain 0.1%- 
95% of the compound(s) of this invention, preferably 1%-70%. In any event the 
composition or formulation to be administered will contain a quantity of a 
compound(s) according to the invention in an amount effective to treat the 
disease/condition of the subject being treated. 

All patents, patent applications, and publications cited above are incorporated 
herein by reference in their entirety. 



